Most zircon grains were analysed (noted below) using a primary ion beam focussed onto a spot <10 µm diameter. This generally requires focussing conditions closer to critical focus than to the preferred Köhler illumination. The Pb/U reference standards are the Cz3 zircon (Pidgeon et al., 1994; Nelson, 1997) and Phalaborwa baddeleyite (Heaman and LeCheminant, 1993) . There is no standard available for zirconolite analyses. Uranium and Th abundances for zircon are determined relative to the uniform 550 ppm U for Cz3. For baddeleyite they are calibrated to an assumed 600 ppm for Phalaborwa; because Phalborwa is highly heterogeneous, the uncertainty in the listed U and Th values is of the order of -50%/+100%. For zirconolite, most listed element concentrations are WDS data, averaged for each grain. In cases where the WDS data were corrupted (by electron beam penetration into underlying minerals), or where WDS data were not obtained, the U and Th were approximated by scaling UO + and ThO + count rates; these data are shown in italics.
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The analysis labels have the form nnnnX.p-q, where:
(i) nnnn is the mount number (without hyphen);
(ii) X is the disc or fragment of polished thin section in the mount;
(iii) p is the grain within the disc/fragment; and (iv) q is the spot on that grain.
In the few cases where spots were overlain on the sites of previous analyses, the labels are subscripted (b, c) . Where the mount has been cleaned and Au-coated between analyses (Stirling Range baddeleyite), these data are shown as normal; when the repeat analysis was within the same session (Manganese Group baddeleyite), Pb/U and Pb/Th data are assumed to be degraded and are displayed in italics.
SHRIMP Data

Zirconolite
Initial trials with zirconolite showed the zircon and baddeleyite data acquisition protocol to be inappropriate, in that the Zr 2 O + mass reference peak, used to define the mass position for 204 Pb and to give an element abundance reference, is too small and too poorly resolved from adjacent peaks. Similarly, the CaTi 2 O 4+ peak used for titanite is inadequate, and no REE-oxide peak was found to be sufficiently well-defined for this purpose. Different approaches to determining the mass-204 spectral position were tried, and are believed to be adequate for present purposes. Data were reduced using the same software as for zircon. In the absence of an independent Pb/U standard, the first measurements on each grain of Stirling Range zirconolite were used as reference data, with an assigned age of 1215 Ma. This assumes that the Stirling Range samples are concordant. Although we have no independent evidence for this, the consistency of data strongly implies that it is correct. The 1σ reproducibility for six reference analyses was >3%. This is considerably larger than the scatter typically observed for homogeneous reference materials (commonly ~1.5%) and probably results from matrix (trace element) effects on secondary ion production. This raises a question as to whether it is appropriate to propagate this parameter to the precision listed with each analysis. On the one hand, this is the correct statistical procedure, treating this as a normal data set. On the other hand, it could give the impression that the data are tightly grouped (with precision ellipses of similar size to the data spread) when there is actually real scatter. We choose to propagate a 1σ reproducibility of 2%, as might be achieved with a good or reasonably homogeneous standard, so that the listed and plotted data show a level of precision that should be readily attainable when suitable standards are identified for use. This makes the apparent scatter in the data figures a realistic representation of the real scatter, relative to the size of precision ellipses. 
Zircon
Mount C-109: Data were collected on SHRIMP A, with a mass resolution ~4850, and primary ion current of 0.4 nA. Six of seven analyses of Cz3 give no scatter in Pb/U calibration in excess of that from internal precisions. A 1% (1σ) reproducibility limit (minimum typical for larger data sets acquired with stronger primary beams) was propagated to the sample data.
Mount 03-100: Data were collected on SHRIMP B, with a mass resolution ~5700.
There were two subsets of analyses. In the first, the primary ion primary ion current was ~0.55 nA on a <10 µm spot. A larger Köhler aperture was then introduced, increasing the spot size to 10-15 µm and the ion current to ~1.4 nA, and additional data were collected from two large zircon grains. These data are shown in italics in Table S4 . For the small-spot analyses, Pb/U for ten of eleven analyses of Cz3 scatter 3.1% (1σ) beyond the reproducibility expected from internal precisions. For nine large-spot analyses, the excess scatter is 2.6%.
Mount 03-09: Data were collected on SHRIMP B, with a mass resolution ~5900 and a primary ion current of ~0.5 nA. Ten analyses of Cz3, which was on a separate mount, scatter 0.8% (1σ) beyond the Pb/U reproducibility expected from internal precisions.
Mount 04-12: Data were collected on SHRIMP B, with a mass resolution ~5700 and a primary ion current of ~0.3 nA. Nine analyses of Cz3, which was on a separate mount, scatter 2.7% (1σ) beyond the Pb/U reproducibility expected from internal precisions. This is unusually poor reproducibility, probably due to a primary beam problem that was undiagnosed at the time. Mount 03-34: Data were acquired using SHRIMP A, operating at mass resolution ~4600 and with a primary ion current of 0.45 nA. The Phalaborwa standard was on a separate mount. Reproducibility of Pb/U data for seven analyses of the standard was better than internal precision; this is abnormal for baddeleyite, for which crystal orientation effects often cause considerable excess scatter (Wingate and Compston, 2000) . A 1% (1σ) value was propagated to sample data.
Mount 03-102: Data were collected using SHRIMP B, in the same session as the first zirconolite analyses. The mass resolution was ~5350 and the primary ion current of ~0.35 nA. From five standard analyses, a 1σ reproducibility of 2.3% was propagated to the samples.
Mount 04-07:
In this session, SHRIMP B was operated at mass resolution ~5700, with a primary ion current of 0.45 nA. From six standard analyses, a 1σ reproducibility of 5.0% was propagated to the Pb/U data for samples.
Mounts 04-11 and 04-12: In this session, SHRIMP B was operated at mass resolution ~5700, with a primary ion current of 0.25 nA. The Phalaborwa standard used was in mount 04-11. From 15 standard analyses, a 1σ reproducibility of 3.3% was propagated to the Pb/U data for samples. These data are of poor quality and are presented here for completeness only. 
SEM-WDS Procedures
Electron microprobe data were obtained using a JEOL 6400 SEM fitted with three wavelength-dispersive X-ray spectrometers. The operating conditions during these analyses were: 20 kV, 100 nA on a Faraday cup, 40° take-off angle and a spatial resolution of ~3 µm. Metals (including U and Th), synthetic silicate and REE glasses were used for calibration. The effects of inter-elemental interferences were removed by numerical corrections for peak overlaps. The detection limits are 0.003 wt % for Si, 0.003 wt% for Ca, 0.017 wt% for Fe, 0.019 wt% for Y, 0.01 wt% for Zr, ~ 0.015 wt% for the REE, 0.018 wt% for Pb and 0.08 wt% for Th and U.
We did not attempt complete analyses but focussed on the main constituent elements of zirconolite. Consequently, the totals for all analyses are <100%. For the REE, all the light and middle REE were measured, but some of the low-abundance heavy REE were not. In the Table S10 , Σ'REE refers to the total of the measured REE.
SEM-WDS Data
For several grains, the electron beam penetrated beyond the zirconolite; this was seen most readily in elevated Si values. Analyses with >2% SiO 2 were disregarded. One analysis with low total (<90%) was also omitted. The lowest total amongst the retained data is 94%. Silicon, Al, Mg and Mn were measured in all cases, but average <0.2% in all samples. The Mundine Well samples have lower totals than the others, suggesting that a significant minor component has not been measured. 
